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Abstract: .ohgr.-Cycloalkyl-prostaglandin E2 derivatives of formula (I) (wherein all symbols are as 
defined in the description); and non-toxic salts thereof, prodrugs thereof and 
cyclodextrin clathrates thereof. Compounds of formula (I) strongly bind on the EP2 
subtype receptor. Therefore, they are useful for prevention and/or treatment of 
immunological diseases (autoimmune diseases, organ transplantation, etc.), asthma, 
abnormal bone formation, neuronal cell death, liver damage, abortion, premature birth 
or retina neuropathy of glaucoma, etc. 
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CLAIMS 



1. An a; -eye loalkyl -prostaglandin E, derivative of formula (I) 




5 (CH2)n 

[wherein A is benzene, thiophene or furan ring; 
R- is hydroxy, Cl-6 alkoxy or a group of formula 

10 nr^'r^^ 

(wherein R**^ and R^' are each independently, hydrogen atom or Cl-4 
alkyl) ) ; 

R- is Cl-4 alkylene, C2-4 alkenylene, -S-Cl-4 alkylene, -S-C2-4 
alkenylene or Cl-4 alkylene-S-; 
15 R' is oxo, methylene, halogen atom or a group of formula 



r"-coo- 

( wherein R'- is Cl-4 alkyl, Cl-4 alkoxy, phenyl, phenyl-Cl-4 alkyl, 
r''-00C-C1-4 alkyl or r"-'*-OOC-C2-4 alkenyl (wherein R^' is hydrogen 
20 atom or Cl-4 alkyl); 

R*' is hydrogen atom, hydroxy or Cl-4 alkoxy; 

r' is Cl-8 alkyl, C2-8 alkenyl, C2-8 alkynyl, or Cl-8 alkyl, C2-8 
alkenyl or C2-8 alkynyl substituted by 1-3 substituents selected 
from (l)-(5) below: 

ti 25 (1) halogen atom, 

r 

(2) Cl-4 alkoxy, 

} (3) C3-7 cycloalkyl, 
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(4) phenyl or 

(5) phenyl substituted by 1-3 substituents selected from halogen 
atom, Cl-4 alkyl, Cl-4 alkoxy, nitro or trifluoromethyl) ; 

n is 0-4; 



is single bond or double bond, 

with the proviso that when the C8-9 position is double bond, R" 
10 is a group of 

r"-coo- 

(wherein R'^ is as defined above) and R' is Cl-6 alkoxy] 

or a non-toxic salt thereof or a cyclodextrin clathrate thereof. 

15 2. A compound according to claim 1, wherein A is a benzene 
ring . 

3 . A compound according to claim 1 or claim 2, wherein R" is 
Cl-4 alkylene or C2-4 alkenylene. 

20 

4. A corrpound according to claim 1 or claim 2, wherein r' is 
-S-Cl-4 alkylene, -S-C2-4 alkenylene. 

5. A corrpound according to claim 1 or claim 2, wherein R" is 
25 Cl-4 alkylene-S-. 

6. A compound according to claim 3, which is 

(1) (11 a, 13E) -9-Oxo-ll, 16-dihydroxy-17, 17-propano-l, 5- 
(p-phenylene) -2,3,4, 5-tetranorprost-13-enoic acid, 
30 (2) (11 a, 13E)-9-Oxo-ll,16-dihydroxy-17,17-propano-l,6- 
(p-phenylene) -2,3,4, 5- tetranorprost-13 , 19-dienoic acid, 
(3 ) (11 a , 13E) -9-Oxo-ll, 16-dihydroxy-17, 17-propano-19, 2 0- 
methano-1, 6- (p-phenylene) -2,3,4, 5-tetranorprost-13-enoic 
acid, 

Q O 
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(4) (11 CL , 13E) -9-0x0-11, 16-dihydroxy-17,17-propano-19- 
methyl-1, 6- (p-phenylene) -2,3,4, 5-tetranorprost-13-enoic acid, 

(5) (11 a, 13E) -9-Oxo-ll, 16-dihydroxy-17, 17-propano-l, 6- 
(p-phenylene) -2,3,4,5, 20-pentanorprost-13-enoic acid, 

5 (6) (9/3, 11 a, 13E)-9-Chloro-ll, 16-dihydroxy-17, 17- 
propano-19, 20 -methane- 1, 6- (p-phenylene) -2 , 3 , 4 , 5- 
tetranorprost-13-enoic acid, 

(7) (9 i3, 11 a , 13E)-9-Chloro-ll,16-dihydroxy-17, 17- 
propano-19-methyl-l, 6- (p-phenylene) -2,3,4, 5-tetranorprost- 

10 13-enoic acid, 

(8) (9 11 a , 13E)-9-Chloro-ll,16-dihydroxy-17, 17- 
propano-1 , 6- (p-phenylene) -2,3,4,5, 20-pentanorprost-13 -enoic 
acid or 

(9) (9 j3, 11 a, 13E)-9-Chloro-ll,16-dihydroxy-17,17- 
15 propano-1, 6- (p-phenylene) -2 ,3,4, 5- tetranorprost-13 , 19- 

dienoic acid or a methyl ester thereof. 

7. A compound according to claim 4, which is 

(1) (11 a, 8Z, 13E) -9-Acetyloxy-ll, 16-dihydroxy-17, 17- 
20 propano-7-thia-l, 5- (p-phenylene) -2 ,3,4,5 , 20-pentanorprost- 
8,13-dienoic acid methyl ester, 

(2) (11 a, 8Z, 13E) -9-Acetyloxy-ll, 16-dihydroxy-17, 17- 
propano-7-thia-l, 6- (p-phenylene) -2,3,4, 5-tetranorprost-8 , 13- 
dienoic acid methyl ester, 

25 (3) (11 a, 8Z, 13E) -9-Acetyloxy-ll, 16-dihydroxy-17, 17- 
propano-7-thia-l, 6- (p-phenylene) -2,3,4, 5-tetranorpros t- 
8, 13 , 19-trienoic acid methyl ester, 

(4) (11 Of, 8Z, 13E) -9-Acetyloxy-ll, 16-dihydroxy-19-methyl- 
17 , 17-propano-7-thia-l , 6- (p-phenylene) -2,3,4,5- 

30 tetranorprost-8 , 13-dienoic acid methyl ester or 

(5) (11 a, 8Z, 13E) -9-Acetyloxy-ll, 16-dihydroxy-17, 17- 



OQ 
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propano-19 , 20-methano-7-thia-l , 6- (p-phenylene) -2,3,4,5- 
tetranorprost-8 , 13-dienoic acid methyl ester. 

8. A cortpound according to claim 4, which is 

(1) (11 a, 13E) -9-Oxo-ll, 16-dihydroxy-17, 17-propano-7- 
thia-1, 6- (p-phenylene) -2; 3 , 4 , 5 , 20-pentanorprost-13-enoic 
acid, 

(2) (11 a, 13E) -9-Oxo-ll, 16-dihydroxy-17, 17-propano-7- 
thia-1, 6- (p-phenylene) -2,3,4, 5-tetranorprost-13 -enoic acid, 

(3) (11 a, 13E) -9-Oxo-ll, 16-dihydroxy-17, 17-propano-7- 
thia-1, 6- (p-phenylene) -2,3,4, 5-tetranorprost-13 , 19-dienoic 
acid, 

(4) (11 a, 13E) -9-Oxo-ll, 16-dihydroxy-19-methyl-17 , 17- 
propano-7-thia-l , 6- (p-phenylene) -2,3,4, 5-tetranorprost-13- 
enoic acid or 

(5) (11 a , 13E) -9-Oxo-ll, 16-dihydroxy-17, 17-propano-19 , 2 0- 
methano-7-thia-l , 6- (p-phenylene) -2,3,4, 5-tetranorprost-13- 
enoic acid 

or a methyl ester thereof. 

9. A compound according to claim 5, which is 

(1) (11 a, 13E) -9-0x0-11, 16-dihydroxy-17 , 17 -propano-6- 
thia-1 , 6- (p-phenylene) -2,3,4, 5- tetranorprost-13 -enoic acid 
or a methyl ester thereof. 

10. A process for the preparation of a compound of formula (lA) 



1 nn 
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(CH2)„ 

(wherein r'" is OXO; methylene or halogen atom and the other 
symbols are as defined in claim 1) 

characterized by subjecting a conpound of formula (IB) 




(wherein R"' is Cl-6 alkyl and the other symbols are as defined 
above ) 

to hydrolysis using an enzyme or hydrolysis under alkaline 
conditions . 

11 . A process for the preparation of a compound of formula (IC) 




(wherein R^"^ is as defined in claim 10, and the other symbols are 
as defined in claim 1) 

characterized by subjecting to amidation a compound of formula 
(lA) 
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COOH 




(lA) 



(CH2)n 

(wherein all symbols are as defined above) 
and a compound of formula (ID 

5 HR"r" {ID 

(wherein all symbols are as defined above) . 



10 



15 



12 . A process for the preparation of a compound of formula 
(IB-1) 

r>30 




coor" 

OH (IB-1) 



(CH2)„ 

(wherein r" is hydrogen atom or hydroxy, R^' and are as defined 
in claim 10, and the other symbols are as defined in claim 1) 
characterized by subjecting to deprotection under acidic 
conditions a conpo\ind of formula (III) 



coor" 




(III) 



(CH2)„ 

(wherein R^^ is hydrogen atom or hydroxy protected by a group which 
may be removable under acidic conditions, R^^ is a protective group 
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for hydroxy which may be removable iinder acidic conditions, and 
the other symbols are as defined above) . 

13. A process for the preparation of formula (IB-2) 




(wherein R*' and are as defined in claim 10, R"^^ is Cl-4 alkoxy, 
and the other symbols are as defined in claim 1) 
characterized by subjecting to 0-alkylation a compound of formula 



(IB-3) 




(CH2)n 
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14 . A process for the preparation of a coirpound of formula (ID) 



R32-COO 




(CH2)n 



(wherein r'' is as defined in claim 10, is as defined in claim 
1, and the other symbols are as defined in claim 1) 
characterized by subjecting to deprotection under acidic 
conditions a compound of formula (IV) 



10 



»32_ 



COO 



COOR^^ 




(IV) 



(CH2)„ 

(wherein, R" is hydrogen atom, hydroxy protected by a group which 
may be removable under acidic conditions or Cl-4 alkoxy, R*" is 
as defined in claim 12, and the other symbols are as defined 
above) . 
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